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ESR  analysis,  also  appears  when  Li"**  ion  is  substituted  for  a  metal  ion  in  MgO,  CaO,  and 
SrO  [5].  This  is  expected  since  oxidation  of  Ca^'^,  and  Sr^"^  is  certainly  harder  than 
oxidation  of  0^".  Similarly,  the  Na'^'-O*  and  K'‘’-0'  centers  in  BaTi03  appear  upon 


and  a  low-spin  Ni^^dj/eg)  This  difference  in  the  othital  symmetiy,  and  ^E.  also  |  “f  the  lOS.Ni.  The  solid  circles  represent  the  results  obtained  by  Mansoufs 

can  be  used  to  differentiate  the  two  ECs.  Item  (6)  utilizes  the  difference  in  the  atomic  group  [14],  whose  spectra  were  shown  in  Fig.  2.  The  Ni  2p3/2  peak  for  NiO  is  split  as 

charges  on  Ni.  The  Ni  atomic  charge  for  the  Ni^^  ion  is  expected  to  be  larger  than  that  for  2-  According  to  a  recent  study  [15],  this  spUtting  originates  from  the  Ni-Ni 

the  Ni^*  ion,  perhaps  by  around  0.1  electron  charge  (certainly  not  by  one).  The  Ni  core  interaction,  so  that  the  "unperturbed"  Ni  2p3;2  peak  energy  can  be  obtained  by  averaging 


Increasing  the  OS.Ni  by  one,  the  Ni  3d  electron  charge  should  decrease  by  x  examination  of  this  statement,  we  fortunately  have  a  system  whose  OS.Ni  is  known  and 

electrons.  Finding  this  x  value  ^ves  insight  into  the  charge  redistribution  with  OS.Ki  whose  XPS  data  are  available.  LiyNij^yOj  for  y^-1  is  such  a  system,  which  has  been  well 

change.  Here  we  estimate  x  from  the  empirical  ABE/AOS.Ni  values,  2.0  or  1 .4  eV/OS.  In  established  by  Sawatzky*s  group  to  have  OS.Ki=2  regardless  of  the  y  value  and  whose  Ni 

a  simple  model,  the  ABE/AOS.Ni  for  a  layered  K1O2  is  given  by  2p  XPS  spectra  have  been  reported  by  the  same  group  [3].  We  have  obtained  the  Ki  2p3;2 
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the  Ni^"^  and  Ni'*'*'  ions  are  expected  to  be  separated  by  about  1. 4-2.0  eV  as  discussed  Table  11  lists  the  energy  shifts  (or  relative  energies)  of  the  pre-edge  peak,  the  K- 

above.  Consequently,  the  Ni  2p3^  line  for  the  OS.Ni=3.5  compound  should  be  much  edge  position,  and  white-line  peak  energy,  along  with  the  mean  Ni-0  bond  length  and  the 

broader  than  that  for  0S.Ni=2  compound,  which  consists  of  a  single  type  of  Ni  ions,  lOS.Ni  value  for  the  materials  studied.  These  energy-shift  data  are  obtained  from  Ni  K- 


edge  NEXAFS  spectra  [13, 20, 21]  published  in  the  literature.  Because  the  absolute  .  ,  ,  ■  «  i_-  .•  •  .  j  •  t?-  -i  t?  i 

circles  in  Fig.  7,  along  with  the  relative  2p  binding  energies  presented  in  Fig.  3.  For  the  Is 

energies  are  often  unreliable,  we  have  obtained  the  relative  enerdes  from  a  set  of  spectra  ..  .  ,  ,  ,  .  r.u  x.  j  *  rr.- 

F  ^3d  transition,  we  have  plotted  the  averaged  energy  of  the  two  data.  [Diamonds 

appearing  in  the  same  figure  or  in  the  same  table.  ...  ,  ,  , u  ux  •  j  -xu  xu  xt: _ _ 

connected  with  a  dashed  line  are  theoretical  results  obtained  with  the  OS. Ni— constant. 


The  data  listed  in  Table  II.  the  energy  shift  vs.  the  lOS.Ni,  are  plotted  with  solid  However,  this  assignment  for  LiNiOj,  Y-"NiOOH",  and  KNiOjflO^)  contradicts  the 

OS.Ni=2  conclusion  based  on  the  XPS  data  for  these  compounds.  [Recall  also  that  the 


0S.Ni=2  assignment  for  LiNi02  has  been  well  established,  based  on  the  oxygen  K-edge  lOS.Ni,  whereas  the  experimental  ls->3d,  K-edge,  and  Is^p  transition  energies  increase 

XAS.]  In  the  following  paper  II,  we  vrill  show  that  the  OS.Ni=2  premise  can  account  for  ^  lOS.Ni  increases  (see  Fig.  7),  This  striking  difference  is  reproduced  by  the 

the  above-mentioned  variation  of  the  mean  Ni-0  bond  length.  This  bond-length  variation  theoretical  results  presented  in  Fig.  9.  The  origin  of  this  difference  is  rather  simple.  The 

will  be  shown  to  arise  from  the  increasing  number  of  0"  ions,  as  the  lOS.Ni  value  2p  binding  energy  involves  only  a  core  orbital  (2p),  whereas  the  ls->3d  and  ls->4p 
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scattering  method.  Details  of  these  calculations  are  described  in  the  APPENDICES. 


Table  m  along  with  the  corresponding  experimental  energy  shifts,  which  show  an  [U(3d,3d)  +  U(4s,3d)]/2,  where  K  stands  for  the  terminal  orbital  associated  with  the  half- 

excellent  agreement  vwth  the  theoretical  results.  In  fact,  most  of  the  energy  shifts  are  step-height  K-edge  transition.  The  energy  shifts  obtained  with  OS.Ni-IOS.Ni  are,  as 

virtuaUy  identical .  This  agreement  implies  that  the  OS.Ni  of  the  materials,  P-NiO(OH),  y-  seen  in  Table  m,  too  large  in  comparison  with  the  experimental  results.  In  contrast,  the 

"NiOOH”,  KNi02(I04),  and  BaNi03,  which  appear  in  Table  m,  should  be  OS.Ni=2.  For  energy  shifts  obtained  with  OS.Ni=2  agree  with  experiment  within  ±0. 1  eV. 


The  authors  gratefiilly  acknowledge  the  support  of  the  Office  of  Naval  Research. 


APPENDIX  A:  Molecular  Orbital  calculations  The  R  dependence  of  BE(2p),  TE(ls->3dX  and  TE(ls->4p)  are  given  by  the 
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angular  distortions  between  Ni-0  bonds.  The  effects  of  the  distortions  on  the  calculated  origin  of  the  K-edge  shift  is  not  clear.  We  are  not  aware  of  any  explanation  in 

orbital  energies  are  found  to  be  negligibly  small.  The  extended  Hiickel  orbital  energies  for  literature,  except  the  statement  that  the  K-edge  shift  is  due  to  the  change  in  oxidation 

the  perfect  octahedral  NiOg  are  used  to  calculate  the  ls->3d  and  ls->4p  transitions  (A3).  state  of  the  absorbing  atom.  As  mentioned  above,  we  believe  that  the  white-line  peaks  in 

The  resulting  transition  energies  are  plotted  in  Fig.  9  as  the  molecular  orbital  results  (solid  our  samples  originate  from  the  ls->4p  transition.  However,  we  are  not  sure  what  controls 


effect  on  the  white-line  energy.  The  K-edge  shifts  for  a  perfect  octahedral  NiOg  are 
shown  in  Fig.  9  with  solid  diamonds  along  with  other  theoretical  results. 
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[16]  Ni  metal  3d* *45**  electronic  structure 


Table  L  Experiments  and  associated  physical  properties  that  could  differentiate  the 

Ni3+02“(0H)-  from  Ni2+0'(OH)-  electronic  configuration  for  NiO(OH).  Tabic  II.  Energy  shifts  of  the  white-line  peak,  the  K-edge,  and  the  pre-edge 

—  _ ^ _  peak  obtained  from  Ni  K-edge  NEXAFS  results  in  the  literature.  Refs.  [20], 

[13],  and  [21]  respectively,  along  with  the  mean  Ni-0  distances. 

Electronic  configuration  ^ —  -  - - - - 


a-Ni{0H)2 

/S-NK0H)2  /S-NiO(OH)  y-NiOOH" 

(x=0)  (x=1 )  {x»1 .5)  (x=2) 

Ni(OH)2 - NiOx(OH)2.x - Ni02 

n=x+2 


KNi02(l04) 

BaNiOg 


Ni202  — 

LiyNi2-yQ2 

LiNi02 - 

--  Li2.xNi02 - Ni02 

n=(4-y)/(2-y) 

n=x+2 

NiO 

I  LiyNi2.y02  ; 

LiNi02 

L*0.06^’®2 

{y=0) 

:  {y=0.2-0.8)  1 

(y«=1  &  x=1 ) 

(X*1.94) 

2  3  4 

lOS.Ni  (=n) 


f/q.  i 


Width  scale  (eV) 
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